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REMARKS 

Status of the claims 

Claims 1, 2, 8-23, 26, 32, 40, 50, 51, 58, 64, 71, 72, and 78-80 are pending and claims 8 
and 78-80 are under consideration in this application, claims 3-7, 24, 25, 27-31, 33-39, 41-49, 
52-57, 59-63, 65-70, and 73-77 having been cancelled and claims 1, 2, 9-23, 26, 32, 40, 50, 51, 
58, 64, 71, and 72 having been withdrawn for allegedly being drawn to separate inventions. All 
the claims under consideration stand rejected. 

Claim 8 is amended. Claims 78 and 80 are cancelled and claim 79 is amended to be 
dependent on claim 8. 

No new matter is added by any of the amendments made herein. 

After entry of the amendments made herein, claims 1, 2, 8-23, 26, 32, 40, 50, 51, 58, 64, 
71, 72, and 79 will be pending and claims 8 and 79 will be under consideration in this 
application. 

Election/Restriction 

Applicants thank the Examiner for entering and examining amended claim 8 and new 
claims 78-80. 

35 U.S.C. § 112. first paragraph, rejections 

(a) Claims 78 and 80 stand rejected on the ground that they allegedly contain subject matter 
which was not described in the specification in such a way as to reasonably convey to one skilled 
in the relevant art that the inventors, at the time the application was filed, had possession of the 

claimed invention. 

From the comments on page 2, line 19, to page 3, line 6, of the Office Action, Applicants 
understand the Examiner's position to be that embodiments of the claimed methods in which the 
test and control cells are stromal cells and in which cathepsin K (CTSK) is expressed at a 
different level in invasive breast cancer cells from ductal carcinoma in situ (DCIS) cells are not 
supported by the specification. 
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While disagreeing with this position, in order to expedite prosecution of the instant 
application, Applicants have cancelled claims 78 and 80 and have amended claim 79 to be 
dependent on claim 8. In light of these amendments. Applicants submit that the rejection of 
claims 78 and 80 is moot. 

(b) Claims 8 and 78-80 stand rejected as allegedly containing subject matter which was not 
described in the specification in such a way as to enable one skilled in the art to which it pertains, 
or with which it is most nearly connected, to make and/or use the invention. Applicants 
respectfully traverse the rejection. 

The rejection is moot in regard to claims 78 and 80 which have been cancelled. 

While not agreeing with the objections on page 5, line 17, to page 6, line 3, of the Office 
Action, AppUcants submits that they are moot in view of the limiting of claim 8 to methods using 
human breast tissue. 

From the conmients on page 3, line 7, to page 6, line 16, of the Office Action, Applicants 
understand the Examiner's position to be that the specification does not provide enablement for 

the methods of the instant claims in which the CTSK gene is expressed at a different level in 

DCIS and invasive breast cancer. AppUcants respectfully disagree with this position. 

Thus, for example, at page 19, lines 10-14, of the instant specification, it is stated that: 

[T]he invention features diagnostic assays. Such assays are based on the findings that: . . 
breast cancers of various grades and/or stages differ from each other in terms of the 
patterns of genes they express and in the levels at which they express them. 

Moreover, on page 22, line 30, to page 23, line 7, of the instant specification, it is stated 

that: 

a test expression profile of a gene in a test cell (or tissue) can be compared to control 

expression profiles of control cells (or tissues) previously established to be of defined 
category (e.g., DCIS grade, breast cancer stage, or state of differentiation). The category 
of the (sic) test cell (or tissue) will be that of the control cell (or tissue) whose expression 
profile the test cell's (or tissue's) expression profile most closely resembles. These 
expression profile comparison assays can be used to compare any of the normal breast 
tissue with any stage and/or grade of breast cancer recited herein and/or to compare 
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between breast cancer grades and stages. The genes analyzed can be any of those listed 
in Tables 1-16 and the number of genes analyzed can be any number, i.e. one or more. 

Applicants submit that one skilled in the art reading the text quoted above would have 
understood that the CTSK gene (listed in Table 16) is a gene that could be differentially 
expressed in DCIS and invasive breast cancer. In view of this teaching and the disclosure on 
page 123, lines 18-25, that CTSK is expressed in both DCIS and invasive cancer but, 
importantly, not in cells from normal breast tissue, the artisan would have reasonably considered 
that the CTSK gene would indeed be differentially expressed in DCIS and invasive breast 
cancer. Where a gene is expressed in cancer cells of various stages and grades but not in normal 
cells, a strong possibility is that the expression of the gene increases with the degree of 
advancement of the cancer. Furthermore, he or she would have been further persuaded by his 
own knowledge and the disclosure of the present application that many genes that are expressed 
in DCIS and invasive breast cancer are expressed at different levels in the two grades of breast 
cancer (see the instant specification at, e.g.: page 2, lines 14-20; page 70, lines 14-25 and the 
table (Table 4) this text describes; page 74, lines 22-24; page 75, lines 14-23; and page 115, lines 
3-10). 

Moreover, given the entirely straight-forward methods of testing for relative levels of 
gene expression in different tissues (e.g., those described in the present application) with which 
he or she would have been very familiar, the small few genes listed in the text on page 123, lines 
18-20, of the appUcation (PDGF, PDGFRBL, CTSK, and CXCL12), and the high value of a 
positive result, the skilled artisan would have proceeded with the appropriate routine 
experimentation to test for the relevant differential expression. As shown by a post-filing 
publication by, inter alia, one of the present inventors (Kleer et al. (2008) Clin. Cancer Res. 
14:5357-5367; copy enclosed as Exhibit A), the artisan would have been correct in his or her 
reasonable belief, at the original filing date of the instant application, in the differential 
expression of the CTSK gene by DCIS and invasive breast cancer cells. 
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In light of the above considerations, Applicants respectfully request the rejections under 
35 U.S.C. § 1 12, first paragraph, be withdrawn. 
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CONCLUSION 

In summary, for the reasons set forth above, AppHcants maintain that the pending claims 
patentably define the invention. Applicants request that the Examiner reconsider the rejections 
as set forth in the Office Action, and permit the pending claims to pass to allowance. 

If the Examiner would like to discuss any of the issues raised in the Office Action, 
Applicants' undersigned representative can be reached at the telephone number listed above 

Enclosed herewith is a request for an automatic extension of time. Please apply the 
charge for the extension of time and any other charges or credits to Deposit Account 
No. 06-1050, referencing Attorney Docket No. 00530-01 16US1. 

Respectfully submitted, 



Date: November 17, 2009 /Stuart Macphail/ 

Stuart Macphail, Ph.D., J.D. 
Reg. No. 44,217 

Fish & Richardson P.C. 
601 Lexington Avenue 
Floor 52 

New York, NY 10022 
Telephone: (212) 765-5070 
Facsimile: (877) 769-7945 
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EXHIBIT A 



Human Cancer Biology 



Epithelial and Stromal Cathepsin K and CXCL14 Expression in 

Breast Tumor Progression 

Celma G. KleeiV Noga Bloushtain-Qimron/-'' Yu-Hui Chen;-' Daniel Carrasco,^ Min Hu/' '* 
JunYso,^ '* Stine-Kathrein Kraeft,'* '^ Laura C. Coilins,**^' Michael S. Sabel,^ Pedram Argani/ 
Rebecca Gelman,^*'^ StuarlJ. Schnitt,'*'^ Ian E. Krop/''* and Korneiia Polyak^'' 



of s:aEheps!ri K (CTSK) sricj CXC[.14 irs BtfOfiiaUinci eplth8!!||| 
ceils in human breast turner p &or -ssioi i 

Expenmentai Deisigri:Wi:fii,ii:ii::iiiri(.!!isi()t.!!ii;:!ii..!!,i>i.!!yv:;.of I'i^i- .iii i <' ><' i.l-J s ^s-ctt-iori 
ir» norma! breas] tissijs. biopsy sites, benign tesions, duci &l carcinoma in situ, and mvasi'/e bre&si 
lutnors of different stages. Expression pasterns were related lo hisiopathoiogtc characteristics of 
the iurnors ant\ ciinicai oiilcf)ifio T'lr: fjif-jr s of -CTSK f breast stromai fibiobiasis on CTSK bf«j3st 
cancer c^ls was assessed !-! rori iin irp 

.• ied «\ any of 1 he i issue samf^es analyzed. 

s-..Thf; expre&sion of CXCL.14 

inaiy^ed St!'Oir,ai CTSK expiesaion 



Ra«ult3: EpithfeiiSiexpr^jssic.'K.i irTS"; 
whereas CXCL14'P08ftK'e s,}Miix:i,ii 
was not associated wth any lumo! in f; 
wassfsnificantiy higher in invasis,';; cc>rr:p. 
analyzed, it corr^ated with higher tLi^v.o 
CTSK teveis wfere deteCteci in biopsy ;.!: s 
significantly associated wsth recurrenc;: 
hancfedtha invasion of CTSK- breast lur-i 
Conclusions: CTSK may functioii 



.■d.n!i!S«iS 



3f CT 



a paracrine facior in breasi 



CfSKitihil 



irigenesis. CTSKSSiii 

fibrotsiasts iinay play a role in tumor progression by promoiing tfie invasiveness oJ tuuioi epithelial 
cells. The passibiifty ihai CTSK iriNbiiors may havts a clinical roie in de.'creasing thts risk ol iumor 
progression merits further investigation. 
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The importance of epithelial-strornai ceil inler>ir;ions in breast 
tumorigeiiesis has iiscreasiiigiy been recogsMzed (1---3). Cells 
coixiposing the tnicToenvironnuii! have been shown to 
promote tumor growtii, invasion, angiogenesis, and metastatic 
capacity' in various model systems (1 -3J. To investigate mole- 
cular alterations ornir in relLs c(j;ri!:":><;ing ihe rnicroetivi- 
ronment during tumor progression, we previotisly characterized 
the gene eaqwessioii, DNA methylation, and genetic pr()fi]e.s of 
various cell types isolated from norniai breast tissue and from 
ductal carcinoma in ihu (DCfS) and invasive tumors (4, 5). 
Based on these ssrssslyses,. we found (lr:«naiic; gene exps'ession 
and DNA methvlation changes in all cell types during breast 
liimor progression, \vhereas cionaily selected genetic aherations 
were resiricied io tutnor epithelial cells Many of the ger.es 
differentially expressed between normal and DCIS-associated 
mycsepithelial c;el!s and highly e.xptessed in sttosTtal myofibro- 
blasts encoded proteases, protease inhibitors, extracellular 
matrix proteins, and chemokines. The up-reguiation of tiiese 
genes in tumor-associated tnyoepiihelial and stronsal cells 
suggested the activation of aberrant pararririe inieritrtions 
and perturbed balance in extracellular matrix degrading 
protease activity resensbiitig a wound-healing response {6). 
Cathepsins and their inhibitors (cystatins) and the CXCL14- 
chetnoivitie were among the tnosl higliiy ovetexpfessed genes in 
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Translational Relevance 

The rcguistiorj of in Situ xo iwasive cardnoma transftiors 

t""JliV ■:!llif:!?.!0()(i V!:: ! :iirii.-:fll f.l!;|l Oi !;!!!;3:;i 

t;.::1i<,r: !f.!if.-,i;. irii-ri;nMfi(; i!Vi(i&nCf? Sl.lCjCjffStS iii.l! (ilirjilfj 
!i.iP!C'ii'!;r"!-;!s.-il):-or!ii;i|!!!f;;: occur no: only sr. bre>;-ihl i;-ir-ci;r 
i lii:^'! !ii ill!' s::fr'>::f!tiinfi iSifOilVsi Ci;!!'^ A SlltilOr fifl 

dbnorn-iai organ vviih its own blood vessels, infiammaxorv, 
(Srsd •3Lippi>rth'0 c t!!!>5 nnd 8ffe< tsvo mu r.x 'ic-i Jirnong thos.« 
cells is essentia' for 'he orowtii and maintenance of the 
tumor Uniikf I. ani. p' -tciic < e -5 c ^ ' o. ghl to ns 



piny ? 



■ nat stroma! e.xpre; 



pjogres-sion of Deb io iuvasive- tumor.-; "f hus., mh 
CTSK activiry may drcioasr the usk of brr-asr rut 
gression and should be explored fu'the' in clinical 



Sf"3Clfl 

note thn 
Diiion of 



DC[S-assoaat;e.ci nivoepitheliai celis and in ixiyofibToblasts. 
Cathepsins and chemokmes have Seen implicated in tumor 
progression and ;lie feasibility of their therapeutic targeting is 
currently being explored for caiicer treatment. 

Cditiepsins are ivsosomal cysteine pioteases thai iiAve been 
iinpii' .sted in 'issue remodeling and angiogeEiesis a'm] in tht 
processing ot certain hormones, transcription factors, and 
inmutnogens {7, 8). The human cathep.sin gene family is com- 
posed of U members [catJiepsins B (CTSB), C, H, F (CTSF), K 
(CreKj, L f CTSL), O, S, V, W, and X/Z] each with their unique as 
well as overiappuip function as twealed bv the phenoi\'j)e oi" 
mutant mice deficient tor individual genes or their combnia- 
tioi) rhe .ivUMt) C'l' cathepsins is regulated .u multipit ievel, 
including control of gene expression, proteui activation, and 
association wnii cystatins that are potent protease iniiibitors (9). 
Recent stiidies mipiicaied several cathepsins m lutnor progres- 
sion using an animal model of multistage carcinogenesis 
^8, 101 Inhibitioti of caihepsin a. u>it> i;. jit. .is m l>e a pro- 
mising therapeutic approach for tiio treat mem oi metastatic 
disease and inhibiliot) of tumor [■■o':,fos'-t"i {11} 

CTSK is highlv expressed m omuxLi;-'s .nul i'l.ivs .sn essential 
role in bone remodeling as shown bv the osteopettotic 
phtnorype of the Cl^K , moi..- (1.^) Rei.iiet! to this, Cli-K 
inhibitors have successfully been used m the clinic tor the 
treattnetTi! of osieopel.t(3sis-assc)ciated boise loss arid preciimcal 
studies have shown ineir eftectiveness m reducing bone 
metastases ot breast carcinomas [li]. Besides osteoclasts, CfSK 
IS also highly expressed m a subsei, of leukocytes and m s^no^ial 
fibrotjlasts in rheumatoid and osteoarthritis fl4. 15). PrRHous 
studies analyzing the expression ot CKK in liiitTian l>reast 
tumors described expression only in bone metastases (16). 
However, m our previous studies, we found high expression of 
CrSK biCtsi Uunor.issoci.iled niyoepilhelui! cells .itsd 
inyotibroblasts, suggesting that CTSK may plav a paracrine role 
in tiimorigeiiesis (4). 

The CXCLl 4 {BR.\K] is a chemokine with unkno^.-n function 
ih.ii ,1s U'li),!) idtiiulied <i.- a c!iem(-ki!ie iughly expresseii 



;ingiogenesis. and activation ot NK cells (18 -221. The pheno- 
iypo oi the CXC,L14- deficient mue revealed iio tinmutioiogic ot 
other gross anatomic abnormalities, although homozygous- 
nul] mice were born at lower than ej(j)e.c.ted fxeciuency from 
fieterozygous crosses (23). However, CXCLi4-/- mice were 
resistant to high fat diet-induced obesity and diabetes (24). 
,'\ssociated with its potential role in obesity, C'-XCJ.H was also 



ced bv 



1 hon 



ha 



■owth 



md 1 



as brea!5i tistnor epixliebal cells, has not been investigated, in 
our previous study, we found high expression of CXCLl 4 in 
DCtS- associated myoepithelial celis a.s well as in llie epithelial 
cells ot a subset ot breast carcinomas (4). Thus, CXCLl 4 may 
contribute to breast tumorigenesis via multiple different 
njechanisms including both autocritie and paracrine effects 

!<> mvestigate the potential roles of CTSK uid CXCLl-1 in 
bre.ist tuiuor prcjgresston, we a.na]Yzed their expression m 
stromal and epithelial celis m a vanetv ot normal and diseased 
h.iman bie.ni 'issu-' samples liicliidmp, bei.ig') disoulets at.d 

caicmomds Ihe 'eLmoiislnp between Ju ..pus oi oi (J^K 
arid nofina) aiid diseased human breast tissue specimens was 
examtneti m two data sets, one of whidi also had data on 
1 ] i .-xj^ussu)!. '(he a.ssoctalioti of recurrence free survival 
(RFS; rind L,i^i\ expression and other tumor and patients 
Loviiiatc'- y\ '-^ t,\5mii3ed in another data set. 



iVSateriais and Methods 

Tissue specimens and cell cultures. Humaii ussQe speamens made 
into tissue m!--roarra>'s were provided b^' Petagen, piirchased rrom 
fmgenex. or ron.stnicted at the tlni-v-ersitj' of .Vijchigan Cancer Center 



Id! 



br. a 



eof thre. 



aii thes 



stroma. Tfie BIDMC also provided specimens wiih at)/piral ductal 
hyperplasia (.-^-DH), low- to mtermediace, -grade DCIS, high-grade DCIS, 
infilrjatjng ductal carcinoma, and radial ,scar/comptex .sclerosing 
lesions; all these tissue types had CISK expression and L;XCLi4 
expression measured m both stromal and epithelial cells. All of the 
iisMic iiixro !r:,iy-> hlPVir ae referred to as the Bin.VlC' data i.et 
h sm iv," roir. l^ s i- CA'doi, 15- 1 ougon and purdiased trom Irngenex 
vMH-mav" imm'-nA - 'rem vorcm p.itients with invasive bre.i.st ranrer 
(.soiue ducial and some loiiular). Ilus data set (refetred to as tlie Korean 
data set) included data on some patient and tumor characteristics, data 
on CfSK expresiiion in stroma from all patients used in die analysiii, 
and data on t'XCi.M for aiioii! fialf of tfie f)-.i.1ien!s fvvith 97<Vo ot tiie 
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T;al5k: i, viumniary or' CTSK ar-a CXCL14 csprc-is-loi-i in all u^^iuc iYO^^\ 


(A) Overaii distribution of CTSK and CXCL14 in stroma and in epithelium by tis 


sue types 






Tissija types CTSK in stro 




CTSK in epithelium 


CXCH4 In stroma CXCL14 In epithelium 
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(S) Associations between CTSK and CXCLi4 expression 


evels in stroma or epithelium in various tissue types 






Comparisons CTSK in stron 




CTSK in epithelium* 


CXCLi4 in stroma* CXCLi4 ir 
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(C) CTSK expression levels in stroma 


between intralobuiar and interlobular tis 


sue samples 






Gene Comparisori 
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(D) CTSK or CXCL14 expression levels In stro 


na and in epithelium 
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ADbreviation: LSL. complex sclerosino lesions. 
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d CXCLi4 was scored on a scale of +, ++, and The hjghest 
«;e (of the three or four replicates) was used for statisLicai analysis 
[i siauiiiig was toiisidered to be positive if ihe higfiesl score was 
or +++ and consjderea to be negative if the highest score was - or • . 
e only exception was CXCL14 expression in tlie Korean data sei, 
I rots It Ufl OS! i 31) {^ ^^ lid y i\as tisidertd 



iCIS) 



[! h -ai 



1 il r 



(■<an„r s Ci ice i i utu t) jtcj ti 411 ^tl 1 1 es we t giownm 
jnedjum recommended bv the provider, wesh, trozen. or tormalm- 
fixed, parattm-emoedded tumor specimens were obtamed from 
rukifle ourcc tie 3r gl sri aid \'Vojrer li s il I 3 DMC 
ind UMCr Pnnm tr-^rrti IrrbKst cii t ir s ^ s h s d i 
mamtdined as a Ltd (o^ ^1 i i n„i ti l , 
pr>tt(.ols ipprjM-t. Dv tic ] isUtu ml rcvici i ^ 
c J 1 f tl fo) ov. ip da a VtC C <• jhirt; r i r d u! i il ii d 

iRiVA isolation and Nortiiem blots. Total RNA was prepared using a 
jiii'-tMirt I'^ir 1 hod 1 "> Sotfhtrn I ot anal^^sis vas 



^*fiteW ffC:TM''e^ in ir:v;;;;ive breast 



the same patient) and to compare CXCL14 expression levels i; 
the stroma and epithelium (when available m the same patient 
ioi p f ifs ) 1 ti < S DsK dal stf hid sptumeis tr->fr two oi n 
'u oil c SI ■> s ij. i > Tible 1 sho\\ the nunbe s c 
i 1 i 1 II 1 nbiratf i) so t'lt conparsc i i 
s > s 1 SI ! I ^fts wa^ unpair^-d jstd ? ohi. i-kic 
ICS'S, and v/a.s oased on treating re,siilts rrom ditterent ti.ssue tvpes i; 
a single pauent as independent. The distnbution ol tlie exoressio: 
levels and the available data on CTSK and CXCL14 etpression level 
ill sQon « did t tlithun or eici tissue twe are summarized i; 



ri Bios^srtn sj h 
;ocoi provided bv 



using ceU K-s.-ites and antibodies to 
tSlK(lontlK4) tiSf (cloi. 2) l 1 b (dun CB13]j and S 
(clone CIFii) alt from Vision Biosystems. Tne opression levels were 
analyzed bhndly and indcpendentiy by brea.sr patholoeists and 
classified mlo -, f , ++, and +++ following a oreviously validated scoring 

;..000 cells per weil m a 48-weil plate ana grew them in their regular 
growth medium (control >A.itl iffturt coictnt iions ot tie 
inhibitors. Ceils were counted (two weiis per time point) on days i, 3. 
and 6 arter plating. Proliferation assavs m three-oimensionai culture 
were done essentially the same wav. lo determine wiiether inlubition oi 
a 1 1 sn -ic it> I ifluu cc leli mig a is m id 1 1 'asion v c tcs cc cUs 
I si ig bin 1 \i-tt Pfl n\asi i rhai ibt s BO Bioscien csi t sst i n )j 
as described (29). For invasion assavs. we plated 2.5 x 10* cells f>ei- well 



s. tor r 



jti >A i i 1 Bio nu phr s thui t \.ir iff! nd d.t.-nn. eA 
ibc 1_ ! attr -Umhbior wer^ idded a different cjncen 
ions (0.3.^-20 pnioii't.i m both top and bottom wells ot the as.saY at 
time the ceils were added. Ail oi tiie above-described experiments 
e reocated at least three times. CTSB Inhibitor T\: CTSL Inhibitor. 
\ I il I toi I I ert piichastd rom all lo htii vhfr as otler 



epittiehiir 



louts cotiec 
oi C|s| I s 



Ihe Korean data set (merged from two separate commercial sources^ 
consisted of 217 patients, of w^hich 1.46 were included in the analysis. 

I > I 1 Ills 1 1 ,10) II n nl lissii ( p.| i! .i .i i n \ 10) 

gene expression levels (2). Not ail patients had botfi CTSK and CXCL14 
measured, and not all patieiits had tlie same prognostic taciors 
recorded, so the sample .sizes tor the comparisons varied. Some patients 
1 id tw 'f pi cue sc( res or a given gene exorc s o i eie iii. tie 
hjghtr i- c ^ 1 1 td for imiysis sh"i s cxirt t- t ind i t - iir- 

lut, I 1 s. U I ' 11' I l^'ill <»i I 'I" i ■^U 1 I t i . ss ss 



ca cgorv ntrciorc CCClll op tssio c >. s v c ci loom (t 
positive (including +, ++, and +++ ) or negative for anaivsis. 1 here wei 
i lor muluple comparisons in tlie analj-sis of the Ivorea 
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U/tls J h votss 
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Ti'SK expression levels, Fishs 
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s liypotnesis. we had to laentifv suitable models o 
human breast cancer. Thus, we farst analyzed the expressi 
( rSB C [S} C (SK n d C IM m hum m breast c inca c 
freshly isolated (uncultured) organoids, and primary c 
fibroblasts denyed from normal breast tissue and 
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Table 3- Csthepslns and i:heif mhtbifcOfS 

(A) Expression of cathepsins, their iniiibitors, and CXCL1.4 in various celi types isoiated from normal and neoplastic breast tissue 
UniSene Symbol Name Location Tag 

5 5 1 1 1 1 i i i ! ? 



Hs. 123114 
Hs. 669305 
Hs. 304682 
Hs. 121489 
Hs. 139389 
Hs. 143212 
Hs. 558623 
Hs. 121554 
Hs. 518198 
Hs.695 
Hs. 352134 
Hs. 652282 
Hs. 520898 
Hs. 128065 
Hs. 654447 
Hs. 644082 
Hs. 11590 
Hs.421724 
Hs. 148641 
Hs. 632466 
Hs.418123 
Hs. 660866 
Hs. 75262 
Hs. 181301 
Hs. 252549 
Hs.483444 



CSTl 
CS T2 
CS T3 
CST5 
CST6 
CST7 
CST9 
CST9L 
CSTA 
CSTB 
CSTLl 
CTSA 
CTSB 
CTSC 
CTSD 
CTSE 
CTSF 
CTSG 
CTSH 
CTSK 
CTSLl 
CTSL2 
CTSO 
CTSS 
CTSZ 
CXCL14 



atin E/M 

n F (leukocystatin) 
atin 9 (testatin) 



Cystatin SN 
Cystatii 
Cystatii 
Cystatii 
Cystatii 
Cystatii 
Cystatii 
Cystatii 
Cystatii 
Cystatii 
Cystatii 
Catliepsin A 
Catliepsin B 
Catliepsin C 
Catliepsin D 
Cathepsin E 
Cathepsin F 
Cathepsin G 
Cathepsin H 
CTSK 

Cathepsin LI 
Cathepsin L2 
Cathepsin 0 
Cathepsin S 
Cathepsin Z 

Chemokine (C-X-C motif) 
llgand 14 



20pll.21 

20pll.21 

20pll.21 

20pll.21 

llql3 

20pll.21 

20pll.21 

20pll.21 

3q21 

21q22.3 

20pll.21 

20ql3.1 

8p22 

Ilql4.1-ql4. 

Ilpl5.5 

lq31 

llql3 

14qll.2 

15q24-q25 

lq21 

9q21-q22 

9q22.2 

4q31-q32 



GTACACACCC 0 

GTACACACAC 0 

TGCCTGCACC 24 

CGCCTGCACC 0 

GTGGAGGGCA 0 

GTAGCGCCTC 0 

CTGCCCCCTC 0 

TAGTGTAGAT 0 

ATCCTTGCTG 0 

ATGAGCTGAC 5 

TGGGCAGAAA 0 

TTCTCCCGCT 0 

TGGGTGAGCC 10 

3 CTATAI II II 0 

GACATCCCGC 0 

AGAATACACA 0 

TCCAGGAAAC 7 

AGGAGGGGAA 0 

GACCACGAAT 1 

ATAAAAAGAA 0 

GGAGGAATTC 1 

TCTGGGGAAA 1 

AAATGCAGTA 0 

CTTTAAAAAA 0 

GCTCTGCCTC 7 

CAGGTTTCAT 0 



(B) Summary of results of growth inhibition assays with various cathepsin inhibitors 



Ceil line 

BT-549 

MDA-MB-231 

MDA-MB-435 

MCFIODCIS 

MCFlODCIS+stroma 



CTSB rnhibitoi- 

Inhibition of growth at 20 iimol/L 
Inhibition of growth at 20 iin^iol/L 
Inhibition of growth at 20 (imol./L 
Inhibition of growth at 20 |j,nnol/L 
Inhibition of growth at 20 unriol/L 



CTSL inhibitor 

No response 

Morphologic changes at 10 \>xno\/l 
No response 
No response 



CTSK inhibitor (A and B) 



nes and symoois. serial analysis of qene expression taq numbers (normalized tc 
n are indicated. CD24. CD44. and MUCl refer to ceiis purified using these ceii 
2sults are indicatec. 

)rmal; 0. DCiS; !, invasive; EPi, epithelial cells: MYOEPI. myoeoitheilal cell! 



mjgrnltan, 



i 1 I u I f rii I I ltd fnroblasts 
la tsoundl 4 1 ntop )sU< bj-'dst t!s (Fig iC) The 
■>! < t C o ')ri i ) -.1 ->nnl 1 1 wob Lists was 
metl \-)v iiurviunohistochemicai analv-sis of human 
11 ■>£. afis deiixec f-om the MC} DC IS cell 
D; ret. 31]. 

Lumepsiti inhibitois m uU piohfeieition swinvai, 
and mmum. To oepm dissecimg tfie hmciional 
->r ' £,h lUlups'^ t.j<prt!>t.ion lu hscssl moi 

I i sif^usj cdls M mih/sd the eifeu of seveidl 
inhibitors on the proliferation, migration, and 



r 1> 



-11 1 



fad bi 



1 tht t 



doi 



Monal cor>d n niln i t f 
Matrigel. M/'e found tliat high concen: 
cathepsin B inhibitor liihibiieo \he a 
tested, whereas lower doses 1i;kj no c 
inhibition did not. have an e.We.a. on ( 
concentration tested, but at 10 stmos/l, 
morphologv of MDA-MiJ-435 ceus 
{}'ig. 2Ai potenuallv by reducing the ii 
io <esE thi!. hvpoihes s w i^i d <! 
ind ! iihibii->fs -.ii fiK ) 1 
MB kiU \ > > 111 
piolilefiitioii In 



vasiveness of le nils 



fiad s 
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Table 3, Cathopfsins ^■•c] y]-:i:- i-'hibitore (Cont'd) 



(A) Expression of csthepsins, their inhibitors, and CXCL14 in various cail types isolated frojn riornia! and rionpiiistic breast tissue 





inhibited invasion through Manigel (Fig. 2B), suggesting tliat 
i;p-reguidtic'n C'f rjihepsm B 3Xid L expression m breast t'.jinor 
cells may promote their abilitv to degrade extracellular matrix 
and enhance their invasive and ineia.stat.ic behavior. 

CTtiR was not expressed m any of the brea.st cancer cell lines 
we tesied. l:".!i ii was iiigliiy e.xpres.sed in psimary cxiltured Ijieas! 
stroma! fiisrol^iasts \B] similar to what we observed in the 
iinioi.t'. oi pun. if) b:easE lumois This expression pattern 
raised the hypothesis that CTSK. may influence tumor epithelial 
cell behavior via paracrine interactions. To test this hypothesis, 
we coi"il'tired CTSK e.xptessing bieast sDomal fibroblasts with 
MCFDCIS cells (3i. 32). a noninvasive breast cancer cell line 
m Vhttigel a.'iilliiiiiig M( }LKJS lcU- wiih LneaM stiomai 
fibrobUu-is dr.mjatiralh .,)t-red fho nnrpholopjy of the >ells 
(lig 2C) MClOab cells enibedJeJ in Malrigel founect 

\{Cl DCi-iitth togelher wilh bie.isl stiomal tib'cilists tesulte.^ 
in the outgrowth of extensively branched structures (i ig. 2C). 
This observation suggested tliat fibroblasts may enhatice ilie 
invasiveness of MCFDC'IS cells or alter the moq.iiioiog^/ of tfie 
forming structures and CTSK expressed in the fibroblasts may 
play a role in this process. 

To ust the h>'pothesi;> thai fibroblasts eiihanie epithelial cell 
n.vasiots, we d^d migiatioii and iiiv ?sioii ?s-ays using MCFDCiS 
cclh and breast fibrobL.sf, We mfti !(Xi 'he 1 PCLS cells with 
an adeno'.irus expressing green fiuorescence protein tor these 
a.s.says to be able to diiterentiate between tihe fwo ceil fype.s. 



Coculture with breast fibroblasts significantly enhanced the 
i!)\asion of .MCFPCIS cells but had no signituant eftects on 
tlieir migration (Mg. 2D). Addition of Clbk inhibitors had no 
tlfxt on the migration n-r the . ells but diamaiiialiv ledtKedihe 
invasion promoting effect of breast fibroblasts on MCFDCIS 
cells (h.i; ?])and}) \\k i.nihki Uu.n oi fiH IS <.elK was 
not.ifi.'cud b^ t SSK [nhi:>iic.is used ,n a .oitt cntr.iUon that 
inhibited invasion m cocultures fbuppiementarv Fig. SI j. 

In summary, these results implied that stromal) CTSK 
expression may play a role in breast tumor progression bv 
promoting invasion, and as a consecjuence of this, it; nsay 
influence the clinical outcome of breast cancer jjaiients 

CTSK and CXCL14 expression in no>!»iii. ha'ipi (in.-/ 
iiiidigrianl breast lesions. To deiermisje 1 iio i \]~>' cs -.n-u ( i s < 
!u breast amor progtessiou, wt- ^iMiv xd its expussion m 
(..■i.uai bteasi (inioilobnhi aid uUiaiob.ihi sUwt a) !u 

(ilDi!), s.leK. !ug adenosis (SA) not piol.itta'iv>^^ dfsease 
(MP) radiai siar, bir.psv suts, and ui 'KPH, DCl\ ..nd imasive 
and mesastalic bieast taicmomas fioni the BIDVtC dat) set 
(Supplementar)'^ Table S2). We also analyzed CXCI.14 expres- 
sion in some of the tissue samples, including ADH, DCIS, 
radial scar, and mfiltraiitig ductal, because our serial analysis of 
gene expression data indi(<iicd that CXCiM and (TSK ,vc 
coexpressed in the same tumor and ceil ivpes (l ig. lA: lable 
J A). The associations be^^^-n Ci s\ cxp-' s, :-,oU n ■■. > n.- 
and tissue types are summarized m Table IB; representative 
image.- of immunohisiot hetnitai tcsiiiis a i. lo ^'^ ii'd 
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d ti 



ti--gi-;u 



DC [S 



Inll lEltSI'g dlRla] tclKI.M ^ISJ 1, .SvtK 'r H^ Mvv 

pos'tive CTSK expre-!? K i: u sii i)> Di fS 

s<m3p]es, bill thss wds. on \ rnuji id K 'i;>-iif <■ iiif (P - 0 
the (utoft after totre U ig for nmiupU' t ompdRsons. wou'd 
be 0.0071), althougli significant difference was found when 
expression levels were categorized into four categories 
(P - 0.004). No significant difference was found in CTSK 
po- livity ')e-wten OCLS And AD}] lurnor samples ('lable IB) 
Among benign lesions, UDH had the highest percentage of 



expn 



sigtiifitdiviiy {0 
normal tissue 



arcip.es (ii 



ik.l 



dnig mtt kbuai md 
) .) h-nont.ast, 
Simple'! were 
» p - live than m 
robula- st-ortia and 



ciudmg 1 

maalobular stroma). CTSK expression was always positive in 
biop,sy sitei;, whereas 55% ot normal tissue samples were nega- 
tive. Similarly, CTSK was significantly (P < 0.000 i) more likely 
10 be positive m ussue from bios)sy sites compared wiih DiAh 
; breast tumors. CTSK expression m biopsy sites was 



hlli 



■ ■■ 




L. 



cells. A. three dimensionai growth of MDA-M3-435 cells in Matrigel in the presence and absence of CT3B or CTSL 
15 -135 vsncor colls grow in ;i hiqiiiy invasive, branching pattern in Matrigel, Addition of CTSB inhibitor at 
ereas at 20 umo! /L if dramsticaliy inhibited their growth. CT.SL inhibitor at 10 jimol/L concentration inhibits 
marv of miciration and invasion assays determined in the presence and absence of CTSB or CTSL inhibitors used at 
iraiii io or iiivadiiKj throngi-i tilt! iiiciribrane/weil. Numbers, representative experiment done in triplicate. Bars, SD.The 
Aills. C. growth of MCFDC13 cells in Matrigel alone ot cocuitured with breast stromal fibroblasts (+PBS). Image was 
ioneroia- like structures with occasional brancning, whereas cocuiturina with fibroblasts dramatically enhanced 
fluorescence protein -- positive MCFDCIS ceils alone or cocuitutea with fibroblasts {+P3S) in the presence or absence 
is. Representative experiment done in triplicate Left, actual irnaqes of the ceils; right, quantitative summary of the 
f cells invading through the membrane/well. Numbers, representative experiment done in triplicate. Bars, SO. The 
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Fiq. 3. Immunonistochemical anaiysis ot CTSK and CXCL14 expression in human bieast tissue samples. A C [SK expression in normal breast and in various benign ana 
Fr-.aiignaDt bteast lesions, B. CXCL.14 expression in DCiS and invasive breast carcinoma. In the majority of DCIS, oniy stromal and myoepithelial staining was observed, but i 
some tumors the epitneliai cells expressed high levels of CXCL14. C. CTSK expression in primary invasive tumor and matched distant metastases. 



always positive, whereas only 33% of DCIS and mfiltiating 
duLial (..iranum is weie positive The expression ot CTSK m the 
s,frot.->,a of oiopsiv sties ind < tt>' thf v^aiitrnt^n! of CTSK+ 
mvohbroKasis to tlie t ss. o u ^ lu i !\)ientiai role for CTSK 
in tissue renKideiitJE; and vvoutja riealing via modulation of 
extracellular matrix degradation and angiogenesis. 

Next we (onpired ' 1 bk t\p vb'^vm Iwtls ('divided i \to the 

diK Kvlnlobu ir '-joma v'Uhii n&sut 'aupks " tlit 'aiie 



ditst 0 < ises tiete wit 7 (JS^o) pit^et'ls wmJs higher C!SK 
exji es^^Oii icM-is iu ihe intraioijuiar stronia and 2 {?2°/o) 
patients with higher C'lSk expression levels in the interlobular 
MrC'i"!') Ini" I'us lidfeu'ice was not staiisfii aiiy sicnitlta'it 

(P ~ 0 lo5 Vv'c also ti_t,trc- it tie txpiession ■evel-i of CTSK dnd 
tXC!.'. ieaih dl^ dt i fxj (aleg)re<,l ^Mic cifietei>f. 

jr-vron 'Stromal anC ep thd al h wthm tie same t.ssue 
s>nj^t 1 1 . 1. < ill uc .t hUii expicssion iii (he ditfcunt teli 



types Is t^, . i I \i'iong all tissue specitnens analyzed, 8'^ 
samp-t' nil I !S\ f vjjifssioii levels determined both .i -lie 
stroma a^id -n the epithelium Among the 63 di'jrn :->,i ' pus 
62 {9&%J had significantly (P OOnOi) higher UsK <>. i.s 
•sion levels m the •>tEc-ma tha^i m [he <>p ihel u r. { I >h s 
Eightv'-two tissue samples had CXCL14 expression levels bom 




CISK expussioTi vva» observed ui the stroma of ttie p.'uuarv 
tumor and bone metastasis, whereas liver metastase.s were 
csser'tially nceative for ITSK expression (Ftg 3B) These results 
are consisfent with the proposed role ot CTSK m osteolytic 
breast casicer bone sneiasta.ses (13). 

fn summary, (r!M\ expression m the stroma was frequently 
deteded (if a - +. lovtl) .ii vinous speamens of normai 
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sisowec! vanaole express lois. LpitJieiiai t.lSK expressiotj was 
rarciv detected in invasive ductal carcinomas, whereas CXCli4 
was expressed m ms epithelial cells ot a subset oJ: DClS and 
ADH tumors. 

Assocumons between CFSKor LXCL14 expression and patient 
and umor ha a £r, tt <■ and il t cai u k-owp To dtlcmj no i 
tht. expre ion rf CIS'-' \ ( \( 14 torrtl stt-! witls i mi ! 



L d tht Kcrci d! i 
ht -\n>M$ n tl 
L' i CXCLll e i f, 
p es !c n ]e\i J 

or +) ( 



v-up 



the m 



Ih ( l-^k 



r positive (++ or +-i-+J. "When using the 
Wishers exacrt test to assess the relationships between C.rsk 
exfrts'^i )n eveK and t mcraiJpatien cts rt t -istics T st )!?e 
(P - 0.02) and estrogen receptor i£k) status (P = O.O.S) were 
signiticanliy associated with t.TS.K po.sitiviiv {hupplemeniary 
Table S3). Patients with T, sia£!e tumors were more iikelv to 



be 
ER-n 



CTSK 



than were i^R-posmve tumc 
the "'^ paticu wi ) ] 1 rac $ sK positne n iK n stroi n 
versus 52% ot me 87 patients with T-, or T^ tumors. In the 
IJMCJC- data set. .?7% of the 70 patients with Ti tumors had 
positive CTSK in stroma versus 41% in the 59 patients with 
T-, or T. tumors. In the Korean data set, 37% of the 60 ER-- 
positive patients had positive CiSk m stroma versus 57% of tJie 
5 1 tR-neeative and unknown patients. In the UMCC data set, 
b° o il e '^1 ^ P po-, n e pat e n ha ) p >smv ^ f\Y m str )i n 
versus 34% of the 44 ER-negaiive patients. The differences be- 
iweeti the two cohcirts analyzed with respect to (. \ Sk expression 



tor stas 



cp nr 
md 



It eitner of tnese vanables coula influence CISK expression. 

tn tne step-up logistic; models tor uiSK expression levels, 
T, stasje was the most significai^t covanate to add to the model 
[P 0.002, atter adiustin^ for T staee unknown). With Tj stage 
m !<» n> e nc )'het >a i tble ctnc tic ii > ! R mm dd d 
significantly to this model Wnen mcludmG all die possibie 



5 II- 



ER 



!! ( ( \t 1 !4 1 vck c I H )t)i I i I ii_k d> 

I s I ant a ocia'iui'' betweei'' diis categuiizatton o^ 
k./mJ 1 4 t'xjii ession levels and tumor and patient charactenstics 
tisina i isiiei s exact test. The variable closest to significant was 
ivo ] luiDt !a£,e pnitnts v\ th tsge 11! Dtea t cancel weie 
less liKeiy to be completelv negative for CXCLi4 expression 
than stjige i/Ii t^reast cancer patients (P 0.13). 

hi tht 1 K C c I sc h u s 1 1 1 (-i o! pw it-. 

ith posmM <s s Is k 1 o H h+) in 

tht s rorna in en " sj I i rc vv lo 

ign fKant (s -n. t \t.t. ^ !Sk txprt sion nd p ticn 



Mill IS wi li \ ! <> t 1 I k ! ( i\ i \ s Si \ 
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was foimd (P = 0.51 and 0.7s for dichotomized CTSK in 
stroma and epithelium, respectively). Ot the 127 patients with 
survival data available, 73 had died; 34 died of breast cancer, 
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and by increasing the invasiveness ot neigtibonng tumor 
cjithehal cells ihus ( TSK in.iib i irs msy o^'er ) ncne 
ihtjrapeutic option to decrease breast tumor progre.ssion. 
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